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Abstract 
This paper reports on the evaluation methods and findings from serious games for teaching engineering and manufacturing. 
Two serious games are considered: Cosiga, a new product development simulation game and Beware, a risk management 
simulation game. These two games cover the front and middle parts of the engineering process  from design to 
manufacture to sale. For the Cosiga simulation evaluations of the communication and cognitive change were performed. For 
the Beware game evaluation of communication, risk awareness and improvement of risk management skills were performed  
The findings from the evaluations showed that serious games deliver learning outcomes. However, there are drawbacks to 
their use that need to be taken into account. Principally the high cost of development and the need for expert facilitators for 
running game sessions. 
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1. Introduction 
lization and rapid technological 
advances.  This results in manufactured products being increasingly customized and complex with shorter life-
cycle times, which increases the marginal cost per product [1].  Therefore, organizations are confronted with 
the challenge of continuously adjusting their capacities and machines, necessitating a high degree of flexibility 
in dynamic environments. 
In addition to business complexity, a number of behavioral factors come into play and make the challenges, 
which organizations face, even greater.  First, the bounded rationality of the economic actors [2] is a 
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supplemental element, which exacerbates the situation.  Indeed, decision makers generally opt for the first 
satisfying solution, and hence, they stop looking for better alternatives.  Second, decision makers, like people in 
general, are prone to the misperception of feedback.  This means that their performance in complex and 
dynamic systems is hindered by non-linearities, time delays and feedback structures [3].  Therefore, decision 
makers will tend to make poor decisions.  Third, decision making in dynamic systems is hard because it calls 
for dynamic decision making, that is, where a stream of decisions are interdependent on one another.  Last, 
decision makers are also limited by the magical number seven, plus or minus two [4].  This number sets the 
maximum number of cues, which can be simultaneously considered by people while they evaluate a problem. 
Consequently, organizations are more and more eager to collaborate around structured and emergent 
manufacturing frameworks such as production networks.  These networks entail the joint-manufacturing of 
products and are regarded as a new form of co-operation between organizations [5]. Although, organizations do 
take advantage of being a part of production networks, since today competition takes place between entire 
supply chains, or networks, instead of single organizations, production networks are nevertheless vulnerable 
and inflexible since many disparate entities populate them, increasing the risk of collapse due to external 
shocks of market instability, or boom & bust cycles.   
The objective of this paper is to show different approaches for the evaluation of the learning outcomes of 
serious games and to discuss the advantages and disadvantages of the methods. The paper is based on the 
networks. The target group for the games is engineering students. The first section of the paper deals with using 
serious games for the mediation of skills, and gives an introduction to the two games. These games have been 
used in several courses over several years, so there are a lot of evaluation results available. The second section 
deals with the different evaluation methodologies that were applied. It also explains the different results. The 
final section is a comparison of the methods used and also includes a discussion of the advantages and 
disadvantages of the different methods. 
2. BACKGROUND 
Dynamic systems such as production networks confront their workforces with ever-changing working 
environments [6].  This stresses the need for continuous learning, which constitutes the true competitive 
advantage for organizations [7].  Moreover, the learning rate of the organization must be higher than that of the 
competition, so that the former can survive [8].  An effective tool for mediating learning is serious computer 
games, also known as business games [9].  Computer games not only convey hard skills such as the 
understanding of how complex systems operate, such as production networks, but also mediate soft skills, like 
collaboration and communication [10]. Even though it is shown that the use of games are useful for mediation 
of soft skills [11], it is still difficult to find suitable methods for measuring the learning outcome of serious 
games.  
content. In the following years, a variety of production management related games have been developed, since 
they have been proven to be successful for the mediation of skills in complex systems.  
The pedagogical principle, on which most games are based, is the one of constructivism. According to 
K
[12]: 
  Active experimentation 
 Direct experience 
 Reflective Observation 
 Abstract Conceptualization 
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According to Straka active experimentation and testing lead to direct experience [13]. This direct experience 
allows for reflection on different aspects of the experienced situation. This experiential learning approach 
requires a free, self directed and self organized learning culture. As mentioned in the introduction, people take 
decisions based upon their perceptions or misperceptions of their environments (cognitivism) or based upon 
their experiences (constructivism). Games, even though mostly constructivistic, may comprise different 
elements of the cognitive approach and may lead to improved results for decisions taken in a dynamic 
environment. Actually, creating knowledge by gaming has proved to be particularly effective whenever soft 
skills are essential and traditional learning methods are less promising, for teaching soft skills. Warren and 
Langley underscored that decision makers should have access to gaming simulation tools in order for them to 
cope with the business systems in which they evolve, and to reap strategic management skills [9]. 
3. Case Studies of Serious Games 
This section describes two case studies of serious games used for the education of engineers. 
3.1. COSIGA 
This paper reports on some of the experiences gained from evaluating the COSIGA New Product 
Development (NPD) simulation game. The rationale for this game is based on the fact that students entering a 
university engineering course usually have very little understanding of industrial and business practices. 
University teachers have to equip them with the required skills, engineering principles, techniques and practices 
and simultaneously maintain academic excellence. A typical engineering course initially focuses on 
engineering principles, mathematics or computing. These disciplines are further developed in detail and the 
focus shifts to specific technologies like e.g. Rapid Prototyping, CAD/CAM or TQM. Group projects and 
exercises are used to illustrate the inter-relations between various tools and techniques. Educators not only have 
to teach the latest developments in the field of NPD but more importantly they must focus on teaching how to 
do NPD. This however, is not supported by existing teaching approaches. Hence, there is a strong need for new 
training and education approaches and means to educate engineers to practice NPD. A major requirement is 
that students can experience working in a product development environment with utmost realism. Effective 
NPD education needs a learning-by-doing approach characterised by moving from passive perception to active 
experience. However, there are not enough real life situations that can be used for education or training, since 
in many real life situations the occurrence of errors/ mistakes  which are natural in learning situations  are 
unacceptable. 
Cosiga is a multi media, multi player computer based simulation game which was designed to support the 
education of engineers in the use of Concurrent Engineering for new product development. It realistically 
simulates the collaborative and co-operative process of product development, with an emphasis on a concurrent 
engineering approach [14]. It is a team player game, played by five people. It can be played by individuals in 
the same room or in a distributed group, using the internet and telecommunications (phone, fax, videophone, 
etc). Each person plays a role in the product development process (project manager, designer, marketing, 
production and purchasing manager) and works collaboratively together, using communication means, to 
specify, design, and manufacture the final product - a type of truck. This would involve them in drawing up a 
ed factory to 
produce the final products. 
COSIGA is unique, because it enables students to experience the process of new product development from 
the perspectives of the different disciplines involved in the design process and to build their own understanding 
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of the issues of design, manufacture, marketing, project and purchasing management; and the interactions 
between these disciplines. 
 
  
  
Fig. 1. Screenshots of the Design and Production Screens from Cosiga   
The game enables students to interact through continuous communication, to share and exchange 
information, initiate argumentation on problems and concepts, form relationships between pieces of discipline 
specific information and finally articulate knowledge and make decisions. During their experience with 
COSIGA, students are not really learning about the technical aspects of design and manufacturing a truck, but 
learning how to increase their awareness of the many complex, often interdependent issues of the design 
process, through constant information sharing, rationale forming and building their capacity to act, make 
decisions and create new knowledge. 
3.2. BEWARE 
The objective of the Beware game is to increase the understanding and awareness of risks in enterprise 
networks and to 
an extension of a game engine which was developed and used at BIBA.  The basic game, dealing with 
communication barriers in companies, was developed by Schwesig in 2005 [15]. In their work, Windhoff [11] 
and Schwesig showed that it is possible to mediate the skills of collaboration and team working by using 
games. In addition Schwesig also states that the students find it more difficult to develop suitable problem 
solving strategies than to identify any communication barriers and problems [15]. The Beware game is adapted 
in such a way that it can be used for the mediation of skills and awareness raising of risk management for 
engineering master students. 
Fig. 2. Screenshot of the Beware Game   
214   Jannicke Baalsrud Hauge and Johann C.K.H. Riedel /  Procedia Computer Science  15 ( 2012 )  210 – 220 
Beware is a role based multi player game, and is facilitated and played in a distributed environment. The 
facilitator has a monitoring tool, which allows the facilitator to monitor the game without taking an active part 
in the game; it also offers the possibility to actively control the game by setting game events. The facilitator can 
also communicate with the players via the chat function, and can reset game processes. 
Beware simulates risks in production networks, however, many of the risks occurring in a production 
network also occur in a single enterprise, so in a first step, the players will only deal with risks within an 
organisation. In a second step they will operate in an inter-organisational collaboration. The reason for this is 
that the students hardly have any knowledge of risk management before they join the gaming session, and not 
very much experience in collaborating. In order to reduce the complexity until they know the methods, it is 
easier to just deal with single organisational risks.  
In the first level of Beware, the players have to specify, design and produce a simple product in one 
company. They act as employees of an organisation that covers the basic economic functions: procurement, 
manufacturing and sales/ services. They have to cooperate and to communicate, as well as to analyse hidden 
risks to be successful. The players can schedule physical meetings to discuss relevant issues. The exchange of 
information between different departments enables the players to improve their communication skills in 
distributed environments. Some players following their role descriptions act in a non-collaborative way to 
Sometimes the information will disappear and suppliers deliver too late and the information system stops 
working. This simulates a real organisational environment. Within the second level of the Beware game, the 
players use the acquired knowledge and skills in the inter-organisational contract negotiations in order to then 
specify, design and produce a complex product inter-organisationally. 
In the Beware game a production network consisting of three companies is simulated: two manufacturing 
companies and a services company. The service company takes leadership of the production network and 
develops services; the two simulated manufacturing companies develop and produce generic cell phone parts. 
As the necessary information is distributed unequally by the game, the partner companies have to cooperate to 
enable a constant flow of information that will then lead to a constant flow of material.  Also different events 
and risks are included, and the players need to carry out some risk management tasks. In order to develop and 
simulate inter-organisational learning and related challenges realistically the constant flow of information is 
affected by the simulated organisational boundaries of space, time and diversity. The players are required to 
find appropriate solutions in order to overcome the barriers. Since the participating organisations are located at 
different locations, holding physical meetings is quite expensive and thus no longer possible. This challenge 
requires intense communication and collaboration among the organisations. Additionally, two of the companies 
receive cooperative role descriptions to simulate diverse cultures. The following section discusses evaluation 
and how the two games were evaluated. 
4. Evaluation Results 
4.1. Evaluation of the COSIGA Game 
Various experiments and evaluations have been carried out since the first working version of the Cosiga 
software was available in mid-1999. These evaluations have been based on: observation, analysis of the text 
chat log files, analysis of cognitive change, analysis of situation awareness, analysis of audio and video 
recordings, analysis of decision making and analysis of the knowledge creation process. Participants have 
included undergraduate and postgraduate engineering students, postgraduate business students, and industrial 
participants from engineering companies.  
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The results of evaluation presented here are: communication analysis, cognitive analysis, and situational 
session, gaming session, and debriefing. For the cognitive evaluation pre- and post-gaming questionnaires were 
issued. For the situation awareness evaluation, in-game questionnaires were issued at regular intervals. The 
communication evaluation was done by analyzing the text chat log files produced by the internet chat tool used 
during games. 
1) Communication Evaluation of the Cosiga Game 
For the analysis of communication, experiments were set up in a near-virtual environment  the participants 
were located in the same large room but physically distant from one another. They were also asked to use an 
internet chat tool for communication and not to talk to one another. The analysis of the chat log from several 
games showed who communicated with whom and what was communicated. The following table shows the 
distribution of the types of communication. The results of the communication analysis demonstrated that the 
games showed the expected communication pattern. Information was asked for, and given, by those expected to 
do so: Design and Production asked; Marketing answered. Frustration was experienced by the downstream 
roles (ie. purchasing and production), but not design and marketing. Non-task discussion was confined to those 
with less to do in the game (purchaser, project manager and production). This demonstrates that the Cosiga 
real-life product design processes was achieved. 
Table 1. Distribution of communication type during a Cosiga game 
Communication Type Frequency 
Ask for (mostly Specific) Information  37% 
Offer Information  12% 
Request Action (time) 17% 
Cajoling Action (eg. re-requesting time) 9% 
Replying to Action Request 6% 
Describing Action 3% 
Compliments 2% 
Frustration 5% 
Non-Task 9% 
 
2) Cognitive Evaluation of the Cosiga Game 
 set of 19 concepts 
related to NPD and concurrent engineering. These were placed in a triangular grid, such that each concept had 
to be rated by participants on a scale of 0 to 10 as to how related it was to the other 18 concepts. The 
questionnaire was issued to the participants immediately before the briefing at the beginning of the gaming 
session and after gaming had finished. The responses to the questionnaire were processed by the Pathfinder 
Network Analysis [18] method to plot maps of the relationships between the concepts. The maps were then 
quantitatively analysed by calculating the change in the number of links (relations) each concept had as a result 
of the simulation (number of links after the game minus the number of links before). This gives a measure of 
how much the importance of a concept (as determined by the number of links to other concepts) changes as a 
result of playing the Cosiga simulation. The results for three players from one game are plotted on polar plots, 
see Figure 3. 
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Fig. 3. Cognitive maps for designer, marketing and production. (middle ring = no change in importance of concept, outer ring = increase, 
inner = decrease of importance) 
 
It can be seen that the marketing manager had a relatively positive experience from playing the game: quite 
a few concepts increased in importance. The designer had a very positive effect: nearly every concept increased 
in importance. However, the production manager had a bad experience: most concepts fell in importance, five 
remained the same and only one increased in importance. This result shows that the persons at the downstream 
of the process (production) do not get a very positive experience  due to their lack of involvement (having to 
wait before they can carry out any substantial actions). This, however, is a reflection of reality and shows that 
the simulation has a good degree of fidelity with the real-life NPD process; although from a gaming point of 
view it is not very nice. The cognitive analysis is a very useful tool which enables game developers to fine tune 
their simulations. For example, within Cosiga there is no emphasis upon the cost of the product and so this 
concept fell in importance for most participants. So this was an effect of the particular configuration of Cosiga 
at that time  making product cost an issue in the simulation will mean that the concept should increase in 
importance. 
The results of the analyses of the evaluations carried out over an eight year period of the Cosiga New 
Product Development (NPD) simulation game showed that the simulation achieved its aim of delivering NPD/ 
concurrent engineering experience (knowledge) to participants. The results also showed that the simulation 
game was a sufficiently realistic simulation, with complex decision making, that it is a good proxy for the real 
NPD process. Analysis of the data obtained from the experiments concluded that the majority of NPD activities 
are interdependent, and that progression requires the involvement of different disciplines and continuous 
information sharing. It was also found that in order to create knowledge, or common understanding, of the 
issues, individuals need to link pieces of information to their background knowledge through arguments.  
The context of engineering is shifting from being information oriented towards being knowledge intensive, 
and  therefore it is important to realize that engineering students should not only be spoon-fed technical 
information, theoretical models, and mathematical formulas but also taught real life knowledge of how to 
design and how to manufacture, which entails how to co-operate in multidisciplinary teams. Knowledge 
creation is a social process which requires the understanding of multidisciplinary inputs, trade-offs and 
implications on the design process during new product decision making processes. These fundamental issues 
are hard, or even impossible, to teach in a classroom setting in traditional ways. There is a need for the 
development of new educational approaches and tools. Multi-media, multi-player, computer based simulation 
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games are great alternatives, providing interactive, social environments for learning. The ground-breaking 
COSIGA simulation game is designed realistically and provides players with a new product development 
context, enabling them to take the responsibilities of different disciplines, analyze information, identify 
problems, initiate discussions, assess and analyze situations and make decisions. The integration of these 
various activities within Cosiga enables players to articulate and create their own understanding of how to do 
new product development, and how to improve the process. 
4.2. Evaluation of the BEWARE Game 
The evaluation approach used for the continuous evaluation of the Beware game and its blended learning 
concept was based on the use of different sorts of input:  
1. The observation and the exchange of information between the facilitator and the students,  
2. Questionnaires comprising questions on the functionalities, the utility, the usability of the software, 
and on the individual learning outcome, 
3. Individual and group presentations after the game,  
4. Feedback collected in the debriefing phase as well as the completion by the students of an extensive 
laboratory report comprising information on the involvement in the game, skills gained and past experiences. 
Additionally, the laboratory reports also contained information on how the participants applied the learned 
methods in the game as well as on the developed game scenarios, including their own goals and the fulfillment 
of these goals. 
In developing the evaluation methodology for the BEWARE game some aspects were considered whereas 
other aspects have been put aside. First of all, the focus for the evaluation is to evaluate the BEWARE game 
regarding its learning outcomes and quality in use. The second aspect is the purposes of the evaluation. There 
are different purposes and uses of evaluation of learning programmes [19]. The purposes for evaluation of the 
BEWARE game were 1) evaluating BEWARE as a learning tool for individual learning and 2) evaluating 
BEWARE as a learning tool for group learning. 
Knowing what to evaluate and why, a prescription on how to evaluate can be made. There are many ways of 
performing an evaluation. The main elements in the evaluation methodology are: 1) Pre- and post testing of 
the game followed by 4) a debriefing phase and 5) a final questionnaire. 
The pre-, mid- and post-test are tests to find out if the player has gained knowledge from playing the game. 
It is only on reconstructable knowledge, so it does not deliver enough information concerning if the player has 
 
The player is required to play twice, at different levels and in different contexts. Analysing the changes in 
how the player solves his tasks and how he behaves gives some indication of the learning outcome regarding 
soft skills and increasing awareness. It corres
session, the player is asked to present and explain her/ his tasks/ missions  a written task with challenges to be 
solved in the game. The mission will be followed up to get information about how the mission was 
accomplished. Information of interest will be: Did the player complete the task? What choices did he make? 
element measures whether or not the player completes the lesson, and thereby covers what Chen and Michael 
[20] refer to as Completion Assessment. The mission will also measure some In-Process Assessment [20], 
however this was restricted to what was available through the compu
The pre-, mid and post tests, as well as, the presentation and assessment of the report can be interpreted to be 
what Chen and Michael [20] refer to as a Teacher Evaluation, as they assess the change in knowledge. The 
post-
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learning tool, and to track the changes in knowledge and his/her subjective awareness of improvement of his/ 
her communication and collaboration competencies. 
1) Evaluation of Communication Level, KPI and Debriefing 
The performance in each game is very dependent on the players and the communication level. At the 
worked. This has now 
been reduced, probably because they know that the facilitators watch, but also because the performance 
indicators have a direct impact of the number of time consuming and challenging events. The facilitator  tool 
offers the possibility to track the communication flow against performance in the game. The communication 
carried out by using the chat function is stored in the database, but up to now, we never used it for more 
detailed analysis. The reason for that is that the facilitator tracks the communication level during the game, and 
analyses it and looks at what impact the communication level has on the different KPIs. This is mainly done 
online, and thus there was never a need for analysing the communication after the game. Debriefing is a central 
part of the two stage game, and time is set aside for the players to analyse the communication and collaboration 
problems identified during the game in this phase. The trend in these discussions supports the impression of the 
facilitator, that the communication level has an important impact both on the KPIs as well as on the risks that 
need to be dealt with. 
2) Evaluation of the Impact of Presentations and Reports for the Learning Objective 
As part of the game each participant needs to prepare his tasks as a presentation, which is presented after the 
game. The intention is that he will then gain more knowledge and be more aware of what and why he acts as he 
plays the game, because he knows that he must explain this later. Since the output is a presentation of the 
identified risks and how to treat them, it does not have objective criteria which can be compared every time the 
game is played, but it shows if the participant understood the task and if he was able to correctly identify risks. 
Since the presentation is presented to the other participants they are also telling their impressions. The 
presentation sometimes shows some misunderstandings of how to apply the methods, but they have the 
possibility to discuss that in the group and to improve the tasks in the written report. The students report that 
they find the presentation and explanation of the other participants, as well as the additional written reports, 
helps them to deepen their understanding of risks and also of the application of useful methods. 
3) Conclusion of Beware Evaluation 
The results showed that especially for students without any, or with a little, knowledge of a specific topic, it 
is important to make their task more visible during the first level of the Beware game. Furthermore, it was seen 
that the process of playing one game, debriefing it, and then playing another game level helps to increase the 
performance on the second game because of the transfer of knowledge from one game to another through 
debriefing. The participants identified the risks, as well as developed strategies for reducing the collaboration 
risks to a much higher degree in the second game. The continuous evaluation of the learning effect 
demonstrates that the time requested to transfer information into knowledge not only depends on the essential 
debriefing phase, but also relies on the experience that the participant already has, and that this needs to be 
taken into consideration at an early stage. Based upon the latest changes to the gaming workshop and also the 
use of the facilitator  tool there has been a positive impact on the learning outcomes. 
5. Conclusion 
This paper has presented the evaluation methods and findings of two serious games for teaching engineering 
and manufacturing at university level. The decision to adopt serious games in this context was driven by the 
need to teach the appreciation of the operation of engineering management processes in a practical way  it is 
difficult for engineering students to gain such experience during placements in companies (due to the short 
duration of placements and the risks of making mistakes). Serious games provide a way to deliver an 
219 Jannicke Baalsrud Hauge and Johann C.K.H. Riedel /  Procedia Computer Science  15 ( 2012 )  210 – 220 
experience of engineering processes in a risk free environment, which allows experimentation and learning by 
doing. 
The results of the Cosiga, new product development simulation game, showed that it fulfilled its design and 
pedagogical objectives  teaching the process of designing a new product in a multidisciplinary and 
collaborative way. The pattern of communication between the game participants was as expected according to 
theory. The analysis of cognitive change showed that Cosiga delivered learning benefits and also that the 
learning of the participants was different depending upon the role played by the participant and conformed to 
the intended experience. Thus the cognitive evaluation was a powerful tool for fine tuning the pedagogical 
outcomes of collaborative serious games in a scientific manner. There is potential to use Cosiga as an 
experimental platform to investigate the impact of different communication means upon the performance of 
new product development teams. The results of such experimentation could then be used to give 
recommendations for improving team performance. The limitations of the cognitive evaluation method  
time consuming administration (45 minutes pre and 45 minutes post-gaming), mean that it is not practical to 
use it for every game run, or to use it as part of the assessment/feedback to the players. 
The results of the evaluation of Beware, a risk management game, show that it is possible to use a serious 
game in order to increase the awareness of risks in production networks. However, the learning outcome 
depends on whether the participants find the game fascinating/challenging and whether they have the required 
background knowledge in the topics dealt with by the game. Therefore, the success of a game is based upon its 
adaptability and portability, so that the game always fits the requirements of the target group. Furthermore, it 
stresses the impact that the communication and collaboration levels have on the arising risks as well as on the 
possibility of the users to identify the risks at an early stage. The less communication, the more severe is the 
impact of the risks before they are discovered. 
The comparison of the two evaluation methods shows that complex statistical methods like the one used for 
Cossiga provide useful insights for validation and tuning of the game design, but are impractical for regular 
evaluation/assessment of learning during use in educational programmes. For evaluation methods to be used 
regularly during educational programmes they need to be relatively simple, quick and easy to complete. They 
also need to be appropriate to the game being assessed  whether they assess individual or group learning. They 
should also evaluate concepts of the specific game and not just be general in nature. However effective 
statistical based evaluation methods are, they do not explain why the learning performance was good or bad, 
what was effective in the game or what the participants did to maximize their learning. For this, in-game 
assessment can help, but most progress can only come from the use of qualitative evaluation methods. This is 
munication during the game by the facilitator can help 
adapt the conditions to promote better learning.  
In conclusion we can say that it is a lot of work to measure learning effects especially for collaborative 
games. It requires careful preparation of the research instruments (questionnaires, etc) and disciplined 
application during gaming sessions. The results of investigating the learning outcomes are not always straight 
forward  they are dependent on the prior knowledge of participants; and non-homogeneous groups introduce 
other confounding factors. The problem with using objective metrics is that it is very difficult to measure the 
learning outcome on soft skills and also there is a problem to measure to what extent the learners have learned 
how to gather information and apply it afterwards, i.e. to construct their own knowledge. Since this is important 
for experiential learning this is a future topic for further research. Nevertheless, we can show positive learning 
effects of serious games. We strongly recommend that monitoring tools are built into serious games that allow 
the progress of participants to be monitored during game play. Such monitoring can then be used to enter 
 direction. Further, the inclusion 
of performance indicators allows both participants and facilitators to point the learning in the required 
direction. Future research should focus on building a database of evaluations from numerous games held over 
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the years  this will improve the statistical reliability of the results. The long-term learning effects can only be 
assessed when/ if students put their learning into practice during their initial working life.  
Acknowledgements 
The research reported in this paper has been partially supported by the European Union, particularly through 
the projects GaLA: The European Network of Excellence on Serious Games (FP7-ICT) www.galanoe.eu and 
COSIGA. 
References 
 [1]  Scheer, A.W., Grieble, O., Hans, S., Zang, S. (2002). Geschäftsprozessmanagement  The 2nd wave. Information Management & 
Consulting, 17, 9-14 
[2] Simon, H. A. (1997). Models of bounded rationality: Economic grounded economic reason. Cambridge: the MIT Press 
[3] 
Management Science, Vol. 35 No. 3, pp. 321-339. 
[4] Miller, G.A. (1956). The magical number seven, plus or minus two: Some limits on our capacity for processing information. The 
Psychological Review, 63, 81-97. 
[5] Wiendahl, H. P., & Lutz, S. (2002). Production in networks. CIRP Annals on Manufacturing Technologies, 51(2), 573-586 
[6]  Baalsrud Hauge, J., Duin, H. Thoben, K.D. (2006): Increasing the resiliency of manufacturing networks through gaming. Proceedings 
of the international workshop on multidisciplinary research on simulation methods and educational games in industrial management. 
Trondheim, Norway. 
[7]  Senge, P. (1990), The Fifth Discipline: The Art & Practice of the Learning Organization, Currency Doubleday, New York 
[8] de Geus, A. P. (1988): Planning as learning. Harvard Business Review, 66(2), 70-74. 
[9] management 
-404. 
[10] Scholz-  
gs of the 30th SEFI annual conference, Firenze, Italy 
[11] Windhoff, G. (2001) Planspiele für die verteilte Produktion. Entwicklung und Einsatz von Trainingsmodulen für das aktive Erleben 
charakteristischer Arbeitssituationen in arbeitsteiligen, verteilten Produktionssystemen auf Basis der Planspielmethodik., Aachen  
[12] Kolb, D.A. (1984), Experiential learning: Experience as the Source of Learning and Development, Prentice Hall, New Jersey. 
[13] Straka, G.(1986): Lehr-Lern-Theoretische Didaktik. In Twellmann(HRSG): Handbuch Schule und Unterricht, Band 8.1. Schwann 
Verlag, Düsseldorf, 1986, S.50-51 
[14]  Riedel, J.C.K.H., & Pawar, K.S. (2001). Academic & Industrial User Needs of a Concurrent Engineering Computer Simulation 
Game. Concurrent Engineering: Research & Applications, 9(3), 223-237. 
[15] Schwesig, M. (2005). Development of a web based management simulation of knowledge exchange in networked manufacturing 
organisations, BIBA Reihe Band 54; Mainz Verlag; Aachen. 
[16] DeGEval (2003, October). Standards für Evaluation. 
[17] Fettke, & Loos (2004). Reference Model Evaluation: Towards an Application-Oriented Approach. Mainz. 
[18] Schvaneveldt, R.W. (Ed). (1990). Pathfinder Associative Network: Studies in Knowledge Organization, Norwood, NJ: Ablex. 
[19] Phillips, J. J. (1997). Handbook of training evaluation and measurement methods (3rd ed.). Houston, TX: Gulf Publishing 
[20]  Michael, D., Chen, S.: Serious games: Games that educate, train, and inform. Thomson Course Technology, Boston, MA (2006) 
 
 
 
